Background: Despite exercise capacity and quality-of-life benefits, pulmonary rehabilitation (PR) and cardiac rehabilitation (CR) programmes are not easily accessed because of several barriers. A solution may be telerehabilitation (TR), in which patients exercise in their communities while they are monitored via teletechnology. However, the benefits of TR for the purposes of PR and CR have not been systematically reviewed. Objective: To determine whether the benefits of the exercise component of PR and CR using TR are comparable to usual-care (UC) programmes. Methods: A comprehensive literature search was performed of the Medline, Embase, and CINAHL databases up to July 13, 2015. Meta-analyses were performed for peak oxygen consumption, peak workload, exercise test duration, and 6-minute walk test (6MWT) distance using the I 2 statistic and forest plots displaying standardized mean difference (SMD). Results: Of 1,431 citations found, 8 CR studies met the inclusion criteria. No differences were found in exercise outcomes between UC and TR groups for CR studies, except in exercise test duration, which slightly favoured UC (SMD 0.268, 95% CI: 0.002, 0.534, p < 0.05). Only 1 PR study was included, and it showed similar improvements on the 6MWT between the UC and TR groups. Conclusion: TR for patients with cardiac conditions provided benefits similar to UC with no adverse effects reported. Similar studies of TR for patients with pulmonary conditions need to be conducted.
livered in a group format; both types of rehabilitation also include education and behavioural modification. [2] [3] [4] 12 In Canada, fewer than 2% of COPD patients have access to PR. 13, 14 This low percentage is comparable to that in the United Kingdom, where fewer than 1.5% of patients with COPD have access to a PR programme in their community, with only 68 programmes nationwide in 2004. 15, 16 With respect to CR, fewer than 30% of cardiac patients who were qualified for CR in the United Kingdom attended a rehabilitation programme, 17 despite all hospitals with an acute cardiac department providing access to a CR programme. 17 Telerehabilitation (TR) has been proposed as a health service option to enable more patients to receive care regardless of where they live. 18 TR programmes with exercise components that include telemonitoring may improve exercise-related outcomes, better ensure patient safety during exercise, and ultimately improve access to rehabilitation interventions, yet to date the benefits of CR or PR with telemonitoring have not been thoroughly systematically reviewed. TR for cardiac or pulmonary patients has been evaluated in several trials. [19] [20] [21] [22] [23] [24] Some of these studies have included telemonitored aerobic exercise that included the acquisition and transfer of data on the physiological responses to exercise, such as heart rate. 19, 22, 25 Physiotherapists are key members of the CR and PR teams and use a combination of clinical reasoning, knowledge of the pathophysiology of disease, objective measures of exercise response, and patient-reported outcomes to monitor and progress exercise programmes for individuals with heart or lung disease. 2, 4, 14 In a TR setting, it is likely that physiotherapists would facilitate and adjust exercise programmes on the basis of a variety of information, including data from telemonitoring devices. 7, 18, 24 A systematic review conducted by Hwang and colleagues 26 on randomized controlled trials of TR home-based CR and PR compared with centre-based CR and PR programmes found that 6-minute walk test (6MWT), oxygen consumption, and quality of life improved similarly in each. 26 Although promising, this review included only randomized controlled trials in which telephone calls were the form of telemonitoring used. This systematic review and meta-analysis seeks to add strength to the TR knowledge base by exploring studies that used more sophisticated telemonitoring interventions. It is important to confirm the exercise benefits and safety aspects of TR in heart and lung disease patients compared with traditional CR and PR. This is particularly relevant to physiotherapists given that they are the primary health care professionals involved in CR and PR exercise monitoring and progression. Therefore, the purpose of this systematic review and meta-analysis was to determine and compare the exercise capacity changes from exercise programmes delivered via pulmonary or cardiac TR with telemonitoring compared with those from usualcare (UC) rehabilitation.
METHODS

Literature search
A systematic review of randomized and non-randomized controlled trials that compared TR with UC rehabilitation for cardiac and lung disease patients was conducted. Literature searches were performed in Medline, EMBASE, and CINAHL. The subject TR is termed telemedicine in Medline's database. Databases were searched up to July 13, 2015. Citation index searches were conducted on related systematic reviews and included studies. Grey literature was searched through the University of British Columbia Library database. Only full-text studies written in English were included.
The search terms used were as follows: pulmonary or airway or airflow or lung or bronch* or respire* (terms were used adjacent to the derivative of obstruct*) or chronic or pulmonary emphysema or hyperlucent lung; or heart or cardiac or myocardial (terms were used adjacent to disease* or failure* or attack* or decompensation* or infarction*) or arrhythmia; AND telemedicine or telehealth or ehealth or telerehabilitation or health mobile or home care services or rehabilitation or exercise or walking or exercise therapy or physical fitness or exercise movement techniques or exercise* (adjacent to) train* or strength* (adjacent to) train* or physiothe* or physical therap*.
Study selection and eligibility
Our systematic review was registered with PROSPERO (registration no. CRD42014346). Full-text articles were retrieved and reviewed on the basis of inclusion criteria. Included studies were randomized and non-randomized controlled trials that compared TR with UC rehabilitation for CR and PR populations. Included studies (1) enrolled adult participants aged at least 18 years with physician-diagnosed COPD or CVD; (2) included people eligible for outpatient CR or PR; (3) delivered rehabilitation programmes that included exercise; (4) involved an experimental arm that provided TR with telemonitoring to assess signs, symptoms, and exercise parameters; and (5) compared TR with UC, which was defined as a rehabilitation programme located in a hospital, clinic, or community centre in which health care practitioner supervision was delivered in person. Real-time transmission of data to an off-site practitioner was not a requirement.
Article review and data abstraction
Studies were screened for inclusion by two authors who assessed titles and abstracts independently before a third reviewer completed a consensus. Reasons for exclusion were recorded. Two reviewers performed data extraction of the included studies using a data extraction form; they recorded inclusion criteria, intervention descriptions, patient characteristics, all outcome measures, and the study's conclusion. The primary outcome of exercise capacity was evaluated by timed walk test distance, peak workload, exercise duration, and peak oxygen consumption (VO 2 peak). Secondary outcomes were health-related quality-of-life scores, adverse events, compliance rates, and complications with TR sessions. The two reviewers tested the data collection form on two included studies to ensure they recorded all desired data in the same way. Minor changes were made to the form before it was used with all included studies.
Risk of bias within studies
Risk of bias within studies was assessed using the Physiotherapy Evidence Database (PEDro) Scale because it is a valid scale for measuring the quality of randomized and non-randomized clinical trials. 27 The scale mainly evaluates whether a study was randomized; used blinded participants, therapists, and assessors; adequately collected data; and compared results between intervention groups. Studies that received scores of at least 8 out of 10 were considered good quality; studies that received scores less than 8 were considered weak to moderate quality.
Meta-analysis
Meta-analysis was performed using Comprehensive Meta-Analysis software (Biostat, Englewood, NJ). I 2 values less than 50% were used to indicate sufficient homogeneity between studies for meta-analysis, 28 and I 2 values less than 30% resulted in a fixed-effect model in the meta-analysis. Effect sizes for each intervention group were calculated using standardized mean differences (SMDs) for the main exercise outcomes of VO 2 peak, peak workload achieved on a maximal exercise test, exercise duration during a maximal exercise test, and 6MWT distance. SMD calculations incorporated TR and UC postintervention sample size and pre-and post-intervention means and standard deviations for each outcome measure. Forest plots displaying SMD and 95% CIs were used to compare effects between intervention groups. SMDs less than e0.2 are interpreted as small effects, those ranging from e0.2 to e0.8 as medium effects, and those greater than e0.8 as large effects. 29 The study by Sparks and colleagues 23 did not report numeric data and was therefore not included in the meta-analysis. Figure 1 diagrams the selection process. The literature search produced 1,431 citations, leading to 9 articles eligible for the systematic review. The main reasons for exclusion were lack of exercise monitoring using teletechnology in the TR group and the absence of a UC group for comparison. Tables 1 and 2 , respectively. Eight studies found were based on CR; only one study based on PR for people with COPD met all inclusion criteria. Study participants' cardiovascular diagnoses or procedures were acute myocardial infarction, coronary artery bypass grafting, coronary angioplasty and other transcatheter procedures, cardiac transplantation, and post-valve surgery. The study on people with COPD included those who had previously completed a PR programme or were familiar with PR. Five studies were non-randomized controlled trials, and four were randomized controlled trials. All studies were of outpatient programmes and reported on patient demographics and health characteristics. However, each study reported different measures of exercise capacity and health-related quality of life.
RESULTS
All studies followed existing guidelines used in clinical rehabilitation programmes in prescribing aerobic exercise for the TR interventions. 2, 3 However, none of the CR exercise prescriptions included resistance exercise. Flexibility training was also not included, and only two studies included details about warm-up and cool-down times. 30, 31 In addition, three studies used walking training in their TR group but used cycle ergometers and other machines in their UC groups. 22, 30, 33 Despite these differences in exercise intervention, no differences were found in changes in exercise capacity between groups, indicating no training specificity from these exercise prescription differences.
Risk of bias
Studies scored between 4 and 6 out of 10 on the PEDro Scale (Table 3) , which classified them as weak-to moderate-quality studies. Thus, results cannot be considered objectively valid and free of major biases within and across studies without further investigation into each study. The major reason for low quality was a lack of randomization and blinding.
Technologies used
Five studies used electrocardiography to monitor TR participants ( Table 2) . The studies by KorzeniowskaKubacka and colleagues 22 and Piotrowicz and colleagues 33 used the Pro Plus (Warsaw, Poland) EHO 3 device. This device uses four electrodes to record three-channel electrocardiograms (ECGs). Data were sent to a mobile phone and then transmitted to a monitoring centre for assessment by a health care practitioner. ECGs and pre-exercise screening calls monitored for arrhythmias, ST segment changes, and other cardiac symptoms. The EHO 3 also had pre-programmed training sessions for participants that outlined exercise duration, breaks, and ECG recording. Studies led by Ades 30 and Sparks 23 used the Scott Care (Cleveland, OH) Tele-Rehab system, and the study led by Giallauria 25 used a Sorin (Milan, Italy) Life Watch CG 6106. Both devices used an ECG to monitor exercise, and home telephone connections were used to communicate ECGs to practitioners.
The study by Dalleck and colleagues 31 used supervising staff along with video cameras at TR sites to monitor exercise, but off-site staff did not communicate with patients or TR site staff during exercise. The study by Kraal and colleagues 19 used the Garmin Forerunner 70, which recorded heart rate along with exercise data. These data were communicated to the rehabilitation centre and used for weekly progress calls via a web application called Garmin Connect. Varnfield and colleagues 34 implemented a smartphone system called the Care Assessment Platform (CAP) that used a Nokia (Espoo, Finland) N96 smartphone equipped with applications to monitor exercise intensity and record daily health status measurements. Data transmission to a practitioner used a mobile network and was followed by weekly telephone calls. The PR study by Paneroni and colleagues 32 implemented an interactive television monitor and remote control system called the IGEA-SAT (Kell, s.r.l., Milan, Italy) platform that monitored dyspnea, leg fatigue, and oxygen saturation before and after exercise sessions on a cycle ergometer.
Exercise outcomes
Pre-and post-intervention outcome measures are summarized in Table 4 . Studies headed by Ades, 30 Kraal, 19 Piotrowicz, 33 and Sparks 23 found significant improvements in VO 2 peak for both groups, ranging from increases of 1.1 ml/kg/minute to 4.9 ml/kg/minute (Sparks did not include the right kind of numeric data so could not be included in the meta-analysis and this table). Overall, the cumulative I 2 statistic was 0%, and the SMD between the TR and UC groups was 0.160 (95% CI: À0.065, 0.386; p ¼ 0.16), indicating no difference between the groups (Figure 2 ). Ades and colleagues, 30 Sparks and colleagues, 23 and Koreniowska-Kubacka and colleagues 22 showed similar improvements in peak workload between TR and UC groups. Meanwhile, Giallauria and colleagues 25 found greater improvements in peak workload among the TR group. Interestingly, this study included a third intervention group that performed unmonitored home exercise, which did not show an improvement (data not included in meta-analysis). 25 The I 2 was 0% over the three studies. Overall, there was no difference between TR and UC groups based on a SMD of 0.225 (95% CI: À0.043, 0.493; p ¼ 0.10; Figure 2 ).
Three studies investigated exercise duration outcomes between groups. 22, 25, 33 The I 2 value indicated low heterogeneity at 21.2%. Figure 2 shows that the SMD was statistically significant at 0.268 in favour of UC (95% CI: 0.002, 0.534; p < 0.05).
Studies led by Piotrowicz 33 and Varnfield 34 showed statistically significant improvements in 6MWT distance in both groups with no significant differences between intervention groups. The two studies produced an I 2 value of 0%, and the SMD was 0.169 (95% CI: À0.109, 0.448; p ¼ 0.23), suggesting no difference between groups (Figure 2) . 33, 34 The lone PR study by Paneroni and colleagues 32 found statistically significant improvements in both groups (UC: means ¼ 397-430.6 m, SDs ¼ 57-39.2; p ¼ 0.002; TR: means ¼ 380-414.2 m, SDs ¼ 86-50.8; p ¼ 0.008). There was no significant difference between groups (p ¼ 0.91), indicating similar changes.
Secondary outcomes
Adverse events and compliance
Adverse events were examined in seven of the eight CR studies and in the PR study with no reported adverse events during any exercise sessions. Challenges related to using devices in the TR group were examined in only two studies. 30, 33 Ades and colleagues 30 reported that 7 of 3,100 exercise sessions in the TR group were stopped due to abnormal symptoms recorded by the monitoring equipment. Piotrowicz and colleagues 33 reported no complications or cancelled sessions. Intervention compliance rates were reported in six studies, with each having good compliance throughout. The studies spearheaded by Kraal 19 and Piotrowicz 33 had perfect compliance in the TR group, with 86% and 80% compliance in the UC group, respectively, for. Sparks and colleagues 23 had 93% compliance in the TR group and 83% compliance in the UC group. Paneroni and colleagues 32 reported TR group compliance at 82%, compared with 100% for the UC group, and Varnfield and colleagues 34 had 94% compliance in the TR group and 68% compliance in the UC group. Dalleck and colleagues 31 reported similar compliance rates between groups, with rates at 81% in the TR group and 83% in the UC group.
Self-reported quality of life and health status
Five studies measured quality of life or psychological profile. 19, 25, 30, 31, 34 Using the Health Status Questionnaire, Ades and colleagues 30 reported significant improvements in both groups in all eight domains except health perception and mental health. Giallauria 
DISCUSSION
This systematic review reports on the impact of cardiac and pulmonary TR, versus traditional hospitalbased or UC rehabilitation, on exercise and quality-oflife-related outcomes. We found that, in general, cardiac and pulmonary TR interventions resulted in outcomes similar to those of traditional CR and PR, except for exercise duration, which slightly favoured UC. There were no reported adverse events, hospitalizations, or mortality during telemonitored exercise. However, included studies were of poor to moderate quality; thus, findings should be viewed with caution. In addition, only one PR study that met all inclusion criteria was found.
Many of the TR trials in this systematic review used sophisticated technology such as ECG to monitor their participants during the exercise sessions. This level of monitoring may have encouraged the participants to exercise at a higher intensity than they may have without the monitoring, because quantitative values could influence or moderate feelings of discomfort and risk from exercise. It is important to note that in other trials of unmonitored home-based PR and CR, the investigators developed exercise prescriptions that were of lower intensity than would have been used in the traditional setting Figure 2 Meta-analysis and forest plot of peak oxygen consumption, peak workload, exercise test duration, and 6-minute walk test distance. TR ¼ telerehabilitation; UC ¼ usual care, VO 2 ¼ peak oxygen consumption; MET ¼ metabolic equivalent of task; 6MWT ¼ 6-minute walk test.
because of safety concerns. 21, 26, 28 This review also demonstrated that health-related quality-of-life improvements were not different between TR and UC groups despite the lack of direct contact with health care providers and less interaction with other participants in the TR groups. In addition, three studies reported similar levels of adherence to exercise between groups. It is possible that despite the lack of in-person supervision to monitor symptoms (as would be found in a clinical environment), the inclusion of ECG monitoring in the TR group may have had the same effects in increasing the participants' self-efficacy for exercise, resulting in high adherence rates and improved quality of life. 3, 9 Future research should explore how telemonitoring versus in-person supervision affects exercise self-efficacy.
The main limitation of the review was a low number of articles that met the inclusion criteria, especially only one on PR. More TR research on PR is needed because the findings from CR cannot necessarily be generalized to the population with COPD. In our clinical experience, the monitoring requirements, disease severity, and patient characteristics between these two patient populations are often quite different.
Another limitation of the review was the poor to moderate score in terms of bias (PEDro Scale) primarily from lack of blinding of therapists and participants. Although blinding of therapists and participants would be difficult in TR, studies used standardized tests to evaluate changes in exercise capacity as a way to minimize any potential biases. However, when reviewing findings in the TR groups, it should be noted that therapist expectations and data collection biases may have inflated results. Thus, still remains a need for more randomized controlled trials or blinding of researchers to increase the quality of evidence and decrease potential outcome biases.
CONCLUSION
With an increasing need for better access to rehabilitation for patients with CVD and COPD, TR interventions may offer a feasible, effective, and safe option. In this systematic review of nine studies, TR interventions in which a health care practitioner monitored patient symptoms before and during exercise appeared to offer similar benefits to the standard exercise components of CR and PR programmes. The findings from this systematic review and meta-analysis suggest that physiotherapists who are interested in developing TR interventions for their patients with CVD and COPD can expect similar exercise and quality-of-life outcomes for their patients, provided the technology and level of monitoring are similar to those used in the studies presented here. Researchers should also continue to explore the different barriers and factors at play in implementing TR interventions in CR and PR, including both quantitative and qualitative research to explore and identify solutions to barriers to TR programme implementation and participant motivation.
KEY MESSAGES What is already known on this topic
Cardiac rehabilitation (CR) and pulmonary rehabilitation (PR) programmes are effective in improving exercise capacity, quality of life, and chronic disease management, but home-based delivery of rehabilitation programmes may lack practitioner monitoring and safety. Telerehabilitation is a health service option that can potentially increase the capacity and reach of CR and PR programmes to those without access.
What this study adds
This systematic review and meta-analysis found that telemonitored PR and CR studies comparing telerehabilitation with usual-care (UC) methods of delivery had similar exercise capacity benefits (6-minute walk test, peak workload, maximal exercise test duration, and peak oxygen consumption) between intervention groups, with no adverse events reported in the telerehabilitation groups. Only one study comparing telerehabilitation with UC for PR was included, with the study finding similar improvements on the 6-minute walk test between intervention groups.
